Streptococcus suis is a cause of pneumonia, meningitis, and arthritis in swine. 2,5, 11, 16 The identification of S. suis in swine herds is increasing, and anecdotal field reports of difficulty in disease control and management, especially "vaccine failure," are common. The importance of S. suis as a primary pulmonary pathogen is controversial because of the difficulty in experimentally reproducing the disease. A retrospective study of porcine cases of S. suis submitted to the Indiana Animal Disease Diagnostic Laboratory from 1985 to 1989 was conducted to gain a better understanding of this disease in swine. Infections of 256 pigs involving a single serotype of S. suis were previously reported.
Streptococcus suis is a cause of pneumonia, meningitis, and arthritis in swine. 2, 5, 11, 16 The identification of S. suis in swine herds is increasing, and anecdotal field reports of difficulty in disease control and management, especially "vaccine failure," are common. The importance of S. suis as a primary pulmonary pathogen is controversial because of the difficulty in experimentally reproducing the disease. A retrospective study of porcine cases of S. suis submitted to the Indiana Animal Disease Diagnostic Laboratory from 1985 to 1989 was conducted to gain a better understanding of this disease in swine. Infections of 256 pigs involving a single serotype of S. suis were previously reported. [12] [13] [14] Reports of infection in pigs with multiple serotypes of S. suis are sparse. 1, 9 We present a brief description of the epidemiology, clinical signs, and lesions in 21 accessions in which multiple serotypes of S. suis or multiple distinct isolates (strains) of the same capsular serotype of S. suis were identified. Isolates of the same capsular serotype that had different antibiogram profiles were considered to be distinct isolates or "strains" for the purposes of this study. Streptococcus suis isolates of the same capsular serotype and identical antibiogram profiles were considered to be identical organisms. These cases were selected to determine whether or not herds infected with multiple serotypes (or strains) of S. suis had unique features that might serve to distinguish these herds from those infected with a single serotype and strain of S. suis and to provide additional information on the development of this disease in swine. Selected cases were limited to those in which isolates were identified by capsular serotyping. Untypeable isolates of S. suis were not included in this study. Case selection criteria, data collection procedures, etc., were as previously described. 12 Of 277 accessions in which S. suis was identified, 21 accessions (7.6%) involving 37 pigs were cases in which 46 different isolates of S. suis were identified. The distribution of these isolates is shown in Tables 1 and 2 . Because of the small sample size, statistical analyses were not performed. Although there was a slight increase in recovery of S. suis in the fall and winter months for all serotypes, S. suis was readily isolated throughout the year. In this study, there was a slight increase (approximately 5%) in the prevalence of serotypes 3, 7, and 8 and a decrease (approximately 10%) in the prevalence of serotype 2 from those reported previously. 12 Pigs in this study were 1-32 weeks of age. Seventy-five percent of the pigs in this report were ≤ 16 weeks of age ( Table 2 ). The overall mean age of pigs in this study (11.9 ± 8.7 weeks) was similar to that reported for pigs infected with a single serotype and strain of S. suis (9.3 ± 7.3 weeks). 12 Although pigs from accessions in which multiple serotypes of S. suis were identified on the farm were notably older than other pigs in this study, the significance of this finding is uncertain given the small sample size.
The clinical signs and gross and microscopic lesions in these pigs were similar to those reported previously. [12] [13] [14] Respiratory signs were the most common (33.3%), followed by failure to thrive (28.6%), neurologic signs (19.0%), and death without premonitory signs (19.0%). Suppurative bronchopneumonia (42.8%) was the predominant gross and microscopic lesion. Fibrinous or necrotizing (pleuro)pneumonia was seen in 23.8% of the cases. In pigs with meningitis or meningoencephalitis (19.0%), S. suis was the sole bacterium isolated from brain, whereas in pigs with pneumonia, other bacteria were commonly isolated (71.4%).
The age at presentation of pigs from farms infected with multiple serotypes and the isolation of multiple bacterial pathogens from the majority of pigs in this study suggests that these isolates of S. suis were opportunistic or secondary pathogens. Previous or concomitant bacterial infections most likely assisted the development of streptococcal pneumonia. This hypothesis is supported by the high incidence of concomitant bacterial infections in this study and others 6, 13, 17, 19 and in experimental trials in which preinfection with Bordetella bronchiseptica was needed for the induction of streptococcal pneumonia. 20 Although S. suis most likely is not a primary pulmonary pathogen, it does have an important economic impact due to increased morbidity and mortality and poor weight gain in affected herds. Current disease management measures have been largely ineffectual. Carrier pigs are the primary source of infection, and both vertical and horizontal transmission are believed to be involved in spread of the disease. 3, 15, 18 Mixing of carrier animals with susceptible animals under stressful conditions usually results in clinical disease.
2 Early medicated weaning and segregated early weaning practices do not eliminate S. suis infection, and prophylactic antibiotics are ineffective; 4 therefore, control measures have centered on vaccination.
Currently, immunization efforts have focused on the use of autogenous bacterins. Vaccine failure in experimental trials has been reported in addition to poor disease control in the field with the use of bacterins. In general, vaccine failures have been attributed to failure of the bacteria to elicit an immune response due to loss of antigenicity of the bacteria caused by heat or formalin processing, 3, 7, 8 production of antibodies to antigens not associated with virulence factors, 7 or lack of cross-reactivity.
9
In herds infected with multiple strains or serotypes of S. suis, multivalent vaccines or vaccines that provide a strong degree of cross-immunity are needed to provide adequate control of infection. On some farms, sampling error (only 1 or 2 pigs or samples) may result in failure to identify a strain or serotype associated with a recent outbreak. This failure may be especially problematic in endemic herds. 10 In this study, for example, submission of only 1 pig from accessions 1-4 would have resulted in identification of only 1 serotype.
Identification of specific strains involved in current outbreaks on endemic farms may be needed in problem herds. Although identification of capsular serotypes can be provided by several diagnostic laboratories, the techniques used to positively identify unique strains are not readily available. 10 The results of this study suggest that there are no clinically significant differences in the epidemiologic factors, clinical signs, or lesions in pigs (or herds) infected with multiple strains or serotypes of S. suis in comparison with pigs (or herds) infected with a single serotype (strain). Some strains of S. suis can act as primary pathogens, causing meningitis and encephalitis, but the majority of S. suis isolates act as opportunistic or secondary pulmonary pathogens, producing suppurative bronchopneumonia. The presence of multiple serotypes or unique strains of S. suis in a single herd may account in part for poor response to vaccination in the field (control failure). It is helpful to examine multiple pigs at postmortem to determine the presence of multiple serotypes or strains of S. suis in endemic or problem herds once other control measures are in place.
Ceftiofur is a third-generation cephalosporin used to treat infectious bacterial disease of bovines and equines.
2-4 Pharmacokinetic data, together with in vitro susceptibilities of selected obligate aerobic and facultative anaerobic bacterial isolates, suggest that ceftiofur has a very broad spectrum. 6, 12, 15, 16, 19, 20 Approximately 26% of samples obtained from infectious processes of bovines and equines contain obligate anaerobes.
5,9 Members of the genus Bacteroides (and previously named Bacteroides spp., which include members of the genera Prevotella and Porphyromonas), Fusobacterium necrophorum, and Peptostreptococcus anaerobius, account for most of the isolates. 5, 9, 10 The purpose of the study described herein was to determine the in vitro susceptibilities of commonly encountered bovine and equine isolates of obligate anaerobes to ceftiofur.
A total of 142 isolates of obligate anaerobes were used. Isolates were obtained from normally sterile sites from bovines and equines. Obligate anaerobes were isolated and identified by the Microbiology Laboratory, Veterinary Medical Teaching Hospital, University of California, Davis, by using standard techniques. 7, 10, 18 The identity of the isolates and species of origin are listed in Table 1 .
Susceptibility to ceftiofur a was measured in the range of 0.0625 to 16 µg/ml. The agar dilution method used conformed to that recommended by the National Committee for Laboratory Standards (NCCLS). 13, 14 Wilkens-Chalgren
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Received for publication February 27, 1995. (WC) medium b was used for testing isolates of the B. fragilis group and P. anaerobius, WC medium supplemented with laked sheep red blood cells (5%) was used for isolates of Fusobacterium, and Brucella medium b containing laked sheep red blood cells (5%), hemin (5 µg/ml), and vitamin K 1 (10 µg/ml) was used for non-B. fragilis group isolates. All plates were inoculated the day they were prepared. Plates were inoculated and incubated at 37 C for 24-48 hours in an atto Table 1 . ceftiofur.
The obligate anaerobe isolates tested for susceptibility
